was set to evoke the maximal EPSC amplitude ( Figures  Schilstrom et al., 1998a, 1998b) . Thus, apart from the 2f-2h; n ϭ 7). The lack of effect might result from a transient activation of somatic nAChRs, additional mechdirect depolarization of the synaptic terminals by the anisms must contribute to the prolonged effects of nicmaximal stimulus intensity, thereby precluding nicotinic otine. modulation of transmission. When the distance of the Glutamatergic synaptic input, primarily from the prestimulus electrode to the VTA was doubled to 500-600 frontal cortex, provides the major excitatory control of m, nicotine (1 M, 2 min) induced an increase in EPSCs evoked by maximal stimulus in two out of three cells tested (132% Ϯ 5% of control; data not shown; p ϭ
. At these concentrations, n ϭ 8 of 9). The enhancement outlasted the application, nAChRs also undergo desensitization within seconds but the EPSC amplitude declined to baseline after sev-(Pidoplichko et al., 1997), yet nicotine injections in rats eral minutes (Figure 2d ). In contrast, nicotine did not enhance DA release in the NAcc for more than an hour enhance the evoked EPSC when the stimulus strength (Imperato et al., 1986; Di Chiara and Imperato, 1988; was set to evoke the maximal EPSC amplitude ( Figures  Schilstrom et al., 1998a, 1998b) . Thus, apart from the 2f-2h; n ϭ 7). The lack of effect might result from a transient activation of somatic nAChRs, additional mechdirect depolarization of the synaptic terminals by the anisms must contribute to the prolonged effects of nicmaximal stimulus intensity, thereby precluding nicotinic otine. modulation of transmission. When the distance of the Glutamatergic synaptic input, primarily from the prestimulus electrode to the VTA was doubled to 500-600 frontal cortex, provides the major excitatory control of m, nicotine (1 M, 2 min) induced an increase in EPSCs evoked by maximal stimulus in two out of three cells tested (132% Ϯ 5% of control; data not shown; p ϭ against a loss of seal resistance due to nicotine bath application. The majority of the somatic nAChRs can be blocked by 5 M mecamylamine (MEC) (Pidoplichko et al., 1997) . In the presence of 5 M MEC, the nicotineinduced increase in baseline noise was significantly reduced, and the noise level increased only by 10% Ϯ 3% (Figure 3b ; p Ͻ 0.01, n ϭ 10). Thus, it is most likely that the increase in baseline noise results from the activation of somatic nAChRs by nicotine. Despite a doubling of the baseline noise, individual spontaneous EPSCs could still reliably be resolved in the presence of nicotine (Figure 3c ; see also Experimental Procedures). In contrast to increasing the frequency of spontaneous EPSCs (Figure 3d ), nicotine did not alter the amplitude distribution of the spontaneous EPSCs (Figures  3e and 3f ). This indicates that nicotine increases the probability of release by a presynaptic mechanism. The effect on spontaneous EPSCs was independent of action potential generation in presynaptic fibers, as the application of nicotine in the presence of tetrodotoxin (TTX) (2 M) yielded similar results (data not shown). Thus, nicotine enhances excitatory synaptic transmission in the VTA through the activation of presynaptic nAChRs.
The effect of nicotine on the frequency of spontaneous EPSCs was concentration dependent (Figures 4a-4c) . A nicotine concentration of 0.5 M is reached in a smoker's blood immediately after smoking a cigarette, and this has been shown to have addictive effects (Corrigall LTP share mechanistic elements, i.e., they both depend receptor desensitization (Pidoplichko et al., 1997). We show here that activation of presynaptic ␣7-containing on the activation of NMDA receptors (Bonci and Malenka, 1999). At the same time, it shows that the longnAChRs on glutamatergic terminals can induce longterm potentiation of excitatory input to the VTA, which term enhancement differs from the short-term enhancement described in Figures 2c-2e , since D-APV blocks in turn leads to persistent increases in DA release in the NAcc independent of nAChR desensitization. Our the long-term effect but leaves the short-term increase of synaptic transmission unaffected (Figures 7b and 7c) . findings show that nicotine alters synaptic function in the VTA using mechanisms that in other brain areas Moreover, the EPSCs depicted in Figure 5c were evoked with maximum stimulus strength, on which nicotine had are thought to be responsible for learning and memory (Malenka and Nicoll, 1999). no direct short-term effect (Figures 2f-2h) ., 1998a, 1998b) . Recently, mice lacking the importance of the ␤2 subunit in the CNS effects of nicotine. There is considerable variation both within and the ␤2 subunit were reported to display deficits in nicotine-induced DA release in the NAcc (Picciotto et al., between species in the extent to which different animals will self-administer nicotine. Unlike rats that readily self-1998). In the same study, ␤2 Ϫ/Ϫ mice did not selfadminister nicotine, providing compelling evidence of administer nicotine, the wild-type mice used in the study 
